INTRODUCTION
Worldwide, close to 200,000 children are diagnosed with cancer each year and 80% reside in low-and middle-income countries (LMIC). 1 Effective management of pediatric cancer is complex, expensive, and requires an interdisciplinary approach, thus it is often out of reach in LMIC. A significant survival gap exists between patients with cancer in high-income countries (HIC) and LMIC, where 5-year overall survival rates are 5-35% compared to 80-85% in HIC. [2] [3] [4] The disease burden of pediatric cancer in Mexico-one of the most populated countries in the world-makes the need for providing adequate care for Mexican children an imperative, as cancer is the number one cause of death in children aged 5-14. [5] [6] [7] Five-year overall survival for all childhood cancers in Mexico is estimated to be between 30% and 40%, 7, 8 whereas across the border in the United States it is often above 80%. 9, 10 In the Mexican state of Baja California as early as 10 years ago, pediatric cancer outcomes were among the worst in the country. 8, 11 Poor survival rates in several Mexican states, such as Baja California, are likely related to geographic barriers in accessing healthcare coupled with vast disparities in the quality of pediatric cancer care that stemmed from long-standing regional infrastructure differences similar to those reported in other countries. 2 Twinning programs are dynamic and unique collaborative models of long-term engagement whereby a state-of-the-art center in an HIC establishes a long-term partnership with an emerging center in an LMIC. Their main purpose is to improve overall care for children with cancer and narrow the survival gap. 2, [12] [13] [14] The impact of twinning programs on improving pediatric cancer outcomes in resourcestrained settings is well documented. [15] [16] [17] [18] However, twinning partnerships between institutions located in close proximity but separated by national borders and with profound cultural, economic, and geopolitical differences are scarce. We hypothesized that developing a twinning initiative based on principles of those implemented elsewhere [15] [16] [17] [18] would rapidly improve pediatric cancer care in our particular setting.
Here, we describe the implementation successes and challenges of a twinning program between Rady Children's Hospital San Diego (RCHSD), California, and the General Hospital Tijuana (GHT), Baja California, Mexico, aimed at addressing pediatric cancer disparities along the Mexican-North American border. Before the partnership was initiated with the GHT, there was no pediatric oncology unit in Baja California. First steps involved an assessment visit to the GHT in 2008. We developed and carried out a needs assessment evaluation based on a SJCRH needs assessment tool. 19 The assessment revealed that although the basic hospital infrastructure and services were available at the GHT, including anatomic pathology, laboratory, and blood bank, the essential elements of a pediatric cancer unit such as dedicated space; trained pediatric oncolo- 
METHODS

Program
Action plan and implementation
In response to the identified needs, an initial 5-year action plan was designed in adherence to the implementation guidelines of other twinning partnerships. 16, [21] [22] [23] [24] [25] Main goals of the RCHSD-SJCRH-GHT partnership were established based on the core components of a suc- Board at the GHT approved this study.
RESULTS
Infrastructure and enhancement of care
Infrastructure improvements began immediately, including the construction of a temporary, dedicated five-bed unit that was completed in 2008; a permanent, modern facility was completed in 2011. This pediatric cancer unit-in use today-has 10 rooms with negative pressure capabilities, two dedicated intensive care beds within the oncology unit, a procedure room, outpatient clinic rooms, an outpatient infusion center, adequate bathrooms, meeting rooms for the staff, and a school for the children.
Several workflow improvement strategies were also undertaken.
These included adjustments to the process for blood sample collection, reorganization of the outpatient clinic space, provision of 
Patient clinical outcomes and treatment abandonment
The rate of new pediatric cancer cases per year since the establish- Table 2 shows a summary of selected clinical outcome measures. Of note, the mortality rate during induction therapy for acute lymphoblastic leukemia at our center was higher when compared to institutions in HIC, but lower (5.3%) when compared to other LMICs (28%). 25, 27 Despite the usual risk factors for treatment abandonment in LMIC previously reported, [28] [29] [30] [31] such as poverty, lack of transportation, and increased mean home-to-hospital travel time, we encountered factors particular to the diverse population in the state of Baja California.
These include a floating immigrant population, single-parent household status, relying on informal activities for income, parent substance abuse, and family violence. About 25% of the patients treated at the GHT came from single-parent households, and the mean home-tohospital travel time was 1.5 hr (range 0.5-8 hr).
To address the needs of this complex population, a psychosocial team was established. The team received training at the Guatemalan Pediatric Oncology Unit affiliated with SJCRH, where they had developed expertise in preventing abandonment in complex settings. 15 In partnership with the local grassroots foundation, the psychosocial team's ongoing initiatives have dramatically decreased treatment abandonment rates (Table 2 ).
Dedicated healthcare team
As its importance was clearly identified in the literature, 3 Number of staff members exclusive to the GHT pediatric oncology unit 0 0 63 a Oncologists, hematologists, intensive care specialists, anesthesiologists, infectious diseases specialists, pathologists, and surgeons. b General nurses, nurse educators, and infection control nurses. c Infection preventionists, psychologists, social workers, child-life specialists, pediatric dentists, dieticians, pharmacists, and lab technicians. d School teachers, administrative assistants, runners, and data managers.
Pediatric cancer awareness efforts in the community have also been implemented locally and regionally, similar to other community education programs described elsewhere. 2 To date, this education initiative has reached nearly 3,000 healthcare providers, community leaders, and school teachers in Baja California.
Local capacity building and financial sustainability
The expansion of the government support for cancer care in 
DISCUSSION
Modern therapy has dramatically increased survival rates for children with cancer, but still remains unavailable to close to 80% of pediatric patients with cancer throughout the world. 36 This disparity is most acutely felt in countries with emerging economies, in which progress is asymmetric, such as along the Mexican-North American border.
While the twinning partnership has been vital in the San Diego- between San Diego and Tijuana in the border region are described in Table 1 . 41 Despite the described geopolitical challenges, our results show the feasibility of establishing a twinning program involving two mentor institutions across such a landscape: SJCRH served as the primary "model" institution and RCHSD and the GHT acted as the "executor"
institutions, located in close proximity. The benefits of such close vicinity between mentor and mentee sites are numerable, including feasibility for close supervision, implementation in record time, and rapid outcome improvements (Tables 2 and 3 ).
In addition to proximity, input from the local community was a key factor to the program's success. The establishment of a new pediatric oncology unit was a high priority. To navigate the developing Mexican health system, we partnered with both local government authorities and grassroots foundation to develop the program from the ground up. Initiating relationships in this way builds local capacity, because the institution in the LMIC begins the partnership already "owning" the program and with the expectation to achieve self-sustainability.
The development of these relationships required an understanding of the great variation in cultures and local circumstances. Data related to challenges associated with cultural differences or language barriers within twinning programs are scarce. 42 The medical director (PA) from RCHSD, who was bilingual and bicultural, was able to effectively bridge Another challenge relates to the start-up shared budgets between RCHSD, SJCRH, and the GHT, which involve a blend of funding streams from these institutions, the Mexican government and Patronato. Thus,
TA B L E 4 Lessons learned during the establishment of a twinning program in the Mexico-U.S. border region
Lesson learned Insight
Relationships Strong, long-term, and culturally aware relationships with local authorities in LMIC a are essential to fulfill the purpose of a sustainable twinning program.
Innovation
Program leaders must constantly innovate to implement strategies to motivate healthcare professionals in institutions in LMIC a and help them enjoy their work despite low compensation.
Empowerment
Twinning program empowerment centers around the interdisciplinary "team-based" approach. Through knowledge sharing, a newly trained interdisciplinary team becomes capable of treating more patients effectively. This "team-based" dynamic strategy allows various members to become peers and recognize the critical importance of the "team" contribution to the overall mission of the program. As a result, team members' feelings of appreciation and accomplishment increase.
Flexibility Individuals involved in twinning programs need to be mindful and make adjustments to local culture and resources. Geographic proximity between partner institutions can greatly impact the number and quality of physical site visits to the developing site, which can significantly increase the team's ability to adapt.
Leadership training
The leaders of twinning programs benefit immensely from acquiring administrative and leadership skills. These are vital tools when establishing sustainable programs with limited resources via small budgets and complex, changing financing mechanisms. Starting the partnership with realistic, accurate, and sustainable goals is vital to its long-term success.
Local sustainability development To ensure long-term sustainability of the program, it is essential that the institution in the LMIC a becomes financially independent as quickly as possible. Start-up funds may be provided by grants, but the ultimate goal is to achieve sustainability because the processes are sufficiently hardwired through the enhancement of the local healthcare system with the support of a strong grassroots foundation, the local community and the local and national government in the LMIC. a a LMIC, low-and middle-income countries.
the program is not entirely sustainable alone at the current moment.
However, the foundation for financial investment and sustainability on the part of the Mexican government has been laid, and the goal is that they, in partnership with Patronato, will take over full operational and fiscal control of the pediatric cancer unit within the GHT. Throughout the tripartite collaboration, we learned several insightful lessons that may shed light on the systematic process required to establish a successful twinning program, which are included in Table 4 .
CONCLUSIONS
The RCHSD-SJCRH-GHT twinning program is a unique model of collaboration, involving institutions located directly across an international border in a region with profound economic and cultural disparities. The close proximity has allowed for rapid improvements in care
for children with cancer in Baja California. As a result of this partnership, clinical outcomes, including overall survival rates-particularly for acute lymphoblastic leukemia-and morbidity for all cancers have improved, local healthcare infrastructure has been strengthened, and generalizable knowledge has been shared with the GHT for use in other areas of care. These accomplishments are also spreading to other centers in the region, such as the emerging pediatric oncology program in the neighboring state of Baja California Sur. The challenge going forward includes the continuation of local capacity development so that all children with cancer in Baja California can be diagnosed and referred to the GHT promptly, a challenge common in LMIC. 14, 25, 26, 29 Future directions include continuing the education program for the staff and patients' families, building up a pediatric neurosurgery program, enhancing the palliative care efforts, maintaining the psychosocial support for families, and continuing to consolidate the newly established collaborative program in Baja California Sur, through the development of a "training hub" in Tijuana. If our efforts in these areas continue for 5 more years, we expect the 5-year survival rate for acute lymphoblastic leukemia to reach 70%, similar to that in many HIC, and other programs in LMIC such as in Guatemala and Brazil. 30, 46 Bidirectional twinning partnerships pursued with the methods outlined above not only strengthen local healthcare system infrastructure and capacity in the LMIC in a positive, sustainable way; they have a dramatic impact on the HIC institution, where an immense body of experiential knowledge is gained and can be immediately applied to provide better care locally, contributing to reducing disparities in underserved children in HIC. 
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